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Introduction: on
systematics and
morphological variation

KENNETH CARPENTER AnD
PHILIP J. CURRIE

In recent years, dinosaurs have captured the attention of
the public at an unprecedented scale. At the heart of
this resurgence in interest is an increased level of
research activity, much of which is innovative within the
field of paleontology. Whereas earlier studies empha-
sized basic morphology and taxonomy, modem studies
develop our understanding of what dinosaurs were like
as living animals. More than ever before we understand
how their bodies worked, how they behaved, how they
interacted with their surroundings and with each other,
and how they changed over time. Nevertheless, these
studies still rely on certain basic building blocks, includ-
ing knowledge of anatomy and taxonomic relation-
ships.

One of the aspects that we understand better than
before is ontogenetic, sexual, and individual variation
within a species. This helps us to evaluate our under-
standing of dinosaurs as biological species. Studies in
progress are giving us a good understanding of all forms
of variability for one or more species of each of the major
groups of dinosaurs, including theropods (Chapters 6,
7), hypsilophodonts (Horner and Weishampel 1988),
hadrosaurs (Horner and Makela 1979; Dilkes 1988;
Horner and Weishampel 1988), iguanodonts (Norman
1987), protoceratopsians (Brown and Schlaikjer 1940;
Kurzanov 1972; Dodson 1975b; Maryafiska and Osmdlska
1975), ceratopsians (Chapters 16, 18; studies in progress
on Centrosaurus and Pachyrhinosaurus), and anky-
losaurs (Maryariska 1971; studies in progress on new
Pinacosaurus material from China).

A major shift occurred late in the nineteenth and
early twentieth centuries, spurred on in part by the revo-
lution that occurred in biology (Allen 1969). At that
time, experiments in genetics produced some insights
into variation seen in the natural world. Gilmore was
In Dinosaur Systematics: Perspectives and Approaches, Kenneth
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one of the first to recognize the importance of this
research when he raised the possibility that not all of the
species of Camptosaurus he recognized years earlier
were valid, “... C. medius ... may eventually be found
to represent the female of the larger C. dispar, and that
its fully adult development may be represented in C.
browni.” (Gilmore 1925, p. 392). It is this de-emphasis
of morphology (however, see Rainger 1981, for an
opposing view) and the recognition that a morphologi-
cal species is not necessarily the same as a biological
species that concerns many dinosaur paleontologists
today. The First International Dinosaur Systematics
Symposium was an attempt to gather as many dinosaur
paleontologists as possible to unravel some of the prob-
lems surrounding the systematics of the dinosaurs. It
was hoped that by examining specific groups, patterns
might emerge to assist in the recognition of true species,
sexual dimorphism, individual variation, and ontogeny.
It is difficult to imagine what it was like for those
early paleontologists who had little or no comparative
material and too few descriptive papers to rely upon.
Consider, for example, what Joseph Leidy was faced
with when F. V. Hayden presented him with a handful of
teeth. It was clear to Leidy, an anatomist, that at least
four distinct morphs were present to which the names
Palaeoscincus costatus, Trachodon mirabilis, Troodon
formosus, and Deinodon horridus were applied (Leidy
1856). Leidy seems to have considered them as biologi-
cal entities, hence subject to variation, because the type
material of Trachodon mirabilis also includes two teeth
of a ceratopsian (Leidy 1860, pl. 9, figs 16-20). Leidy
writes, “Two additional specimens, (figs. 16-20) found
with the preceding, may perhaps belong to a different
animal, but it is quite possible also that they belong to a
different part of the jaws of the same animal” (Leidy
1860). But as Leidy began to acquire more dinosaur
specimens, he seems to have made a subtle, but impor-
tant, shift in the way he viewed the fossils. In 1865, he
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illustrated and described Hadrosaurus foulkii in consid-
erable detail. He also described and compared numerous
other hadrosaur specimens to Hadrosaurus foulkii, but
refused to give these specimens a name. As Leidy
admitted, “When first examined and compared with the
corresponding bone of Hadrosaurus the differences
which were observable ... [were] not very remarkable”
(Leidy 1865). Considering how similar the postcrania of
hadrosaurs are, his caution in not referring these speci-
mens to Hadrosaurus foulkii is surprising. He seems to
have been influenced more by the differences this time
than he was years earlier when he included ceratopsian
teeth with Trachodon.

But it was Cope and Marsh who emphasized sub-
tle morphological differences as grounds for naming
new species. This was undoubtedly due, in part, to their
intense rivalry. An example is Cope’s naming five species
of Laelaps based on teeth from a small area of the
Judith River Formation, Montana. His descriptions
(Cope 1876a,b) emphasized minor differences among
the teeth. Others following in their footsteps maintained
this methodology (e.g., Lambe 1902 for species of
Monoclonius and Huene 1907-8 for Plateosaurus). It
was inevitable that this strict adherence to morphologi-
cal tradition, which resulted in a profusion of names,
would be questioned. As early as 1898, Osborn wrote
concerning sauropods, “It is a priori improbable that so
many different genera of gigantic Saurians of similar
size co-existed. It is against the principles of evolution
that closely similar types of equal size should occupy
the same territory at the same time. It appears moreover
to the writer that the evidence which has been brought
forward to demonstrate such an exceptional condition is
inadequate ...” (Osborn 1898). Hatcher wrote, “it does
not seem at all improbable that some of the remains
which have been referred to Pleurocoelus, Astrodon or
Elosaurus may in reality belong to the young of some of
these genera of the large sauropoda [i.e., Brontosaurus,
Morosaurus, and Diplodocus]” (Hatcher 1902). Gilmore
was even more specific when he wrote concerning
Leptoceratops from the Two Medicine Formation, “the
much smaller size of the National Museum specimens is
in all probability due to immaturity, as indicated by the
open sutures of the skull and the noncoalescence of the
vertebral processes” (Gilmore 1939).

Although it is now generally conceded that size is
not an adequate criterion to establish a species of dino-
saur, how much emphasis to place on morphological
differences is still a problem, as may be illustrated by
our own experience. In 1982, one of us (Carpenter)
named Pectinodon bakkeri for small theropod teeth
from the Lance Formation of Wyoming. Estes (1964)
had earlier identified similar teeth as cf. Saurornithoides,
but comparison with the holotype of Saurornithoides
mongoliensis showed numerous differences making
such an identification improbable. Nor could the teeth
be matched to any other theropod. This presented a
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quandary: the teeth were distinct from any known thero-
pod, but was this grounds for a new name or should no
name be attached to them? Because so many of the teeth
were known, it was decided that a new name was justi-
fied. However, it was the discovery of a nearly complete
dentary several years later that demonstrated Pectino-
don was not a valid taxon. This dentary showed that the
distinct morphology of Pectinodon teeth was due to
their being from the posterior portion of the jaw (Currie
1987), a possibility which was not realized in 1982 from
the available material.

Remarkably, individual variation does not appear
to have been a factor considered by most dinosaur pale-
ontologists. Certainly they were aware of this for Dollo
wrote concerning /guanodon bernissartensis, “[it] is
represented by a considerable number of animals and
among them they offer remarkable divergences” (trans-
lation in Rainger 1985). Rainger argues, “The need to
identify a fossil organism and establish its taxonomic
relation to other organisms was a principle objective of
virtually all paleontological studies of the time ... To
fulfill these objectives, Dollo had to concentrate on spe-
cific characters, the morphological features that distin-
guished each species [i.e., [guanodon mantelli and
Iguanodon bernissartensis], and as a result did not take
into consideration variations within a species” (Rainger
1985). Marsh, Cope, von Huene, Osborn, and other early
dinosaur paleontologists had much the same attitude.

Although morphological distinction played an
important role historically in the naming of new species,
this was not always the case. As Gilmore noted, “The
occurrence of Leptoceratops in the Two Medicine for-
mation would suggest, on geological position alone, that
it probably represents a species distinct from these
found in the Edmonton and St. Mary River formations”
(Gilmore 1939). This idea that dinosaurs in different
formations had to be different species was an outgrowth
of the early stratigraphic work of William Smith. Smith
had found that fossils of one formation differed from
those in another, thus permitting him to make long-
distance correlations. Although this work was done in
marine beds, the concept was eventually carried over to
non-marine formations, as seen by Marsh’s reference to
the Atlantosaurus beds or the Triceratops beds. Marine
invertebrate paleontologists were the first to discover
that a single formation may have a sequence of different
species. Even mammalian paleontologists recognized
that the same species could have broad geographical
distribution, and thus be found in different formations
(an early summary presented by Osborn 1910). But for
some reason, dinosaur paleontologists have been slower
to accept the presence of the same species in more than
one formation.

Finally, one other factor that has influenced the
naming of species had less to do with morphology or
stratigraphy, than it did with politics. For example,
Barnum Brown (1917) named Monoclonius cutleri for a
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specimen having skin impressions found by William
Cutler. Supposedly, one of the conditions Cutler
imposed on Brown before giving it to him was that if
the specimen proved to be a new species, it be named
after him (Russell 1966).

Advanced prosauropods and primitive sauropods
have long been known to resemble one another, leading
von Huene (1932) to propose the term Sauropodo-
morpha for the two. It remains to be seen whether this is
a natural group or not. Bonaparte (1986) noted several
derived characters in the vertebrae of an unnamed
advanced prosauropod from Argentina and those of the
sauropod Patagosaurus. Sereno (1984) and Galton
(1986), however, suggest that the Sauropodomorpha are
not monophyletic.

The first prosauropod described was Theco-
dontosaurus (Riley and Stutchbury 1836) on the basis of
isolated teeth. Since then, numerous genera and species
have been named, especially by von Huene. Recent
papers (see references in Galton 1984) have attempted
to resolve some of the taxonomic problems associated
with prosauropods, but there is much work yet to be
done. In this volume (Chapter 3), Weishampel and
Chapman use femora of Plateosaurus to illustrate the
use of Principle Components Analysis in taxonomy. By
using only a single monospecific assemblage, they have
documented the degree of variation (possibly sexual and
individual) in a population of prosauropods. In contrast
with Galton (1984) who proposed to synonymize most
Plateosaurus species into P. engelhardti, they tenta-
tively conclude that there may be two species. They also
document the presence of two morphs within a single
population.

The first sauropod, Cetiosaurus, was described
on the basis of vertebrac (Owen 1841). Since then,
numerous sauropod species have been described from
every continent except Antarctica. As with all other
dinosaur groups, sauropod systematics has been con-
fused by a proliferation of names. Mclntosh (Chapter 4)
does much to improve our understanding of all the fami-
lies, genera, and species of sauropods, but especially
those of the Morrison Formation. However, there are
still many taxonomic problems that will have to be
worked out (work in progress on Chinese sauropods by
Dong and Russell).

Abundant material exists for studying the vari-
ability of many sauropods [juveniles being studied by
Britt (1988) and Carpenter; massive numbers of individ-
uals from single quarries in China including Zigong
(Dong 1987a) and Xinjiang (Dong 1987b)], but these
studies are hampered by the size of the material, and a
lack of workers.

One of the first dinosaurs discovered and for-
mally described was a carnivorous form (theropod)
known as Megalosaurus, described by Buckland in
1824, Although it was the first to be discovered, it is
still poorly known. Theropods tend to be rarer than her-
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bivorous dinosaurs, and, as many of the species are
small in size, their remains were often destroyed by
scavengers and other natural processes. Nevertheless,
good specimens are being recovered around the world,
giving every indication of a remarkable range of diver-
sity (Currie 1989a). Whereas we once assumed that all
theropods could be assigned to only two lineages
(Coelurosauria, Carnosauria), it is now realized that this
approach was too simplistic and that many lineages
developed over their long history (Gauthier and Padian
1989). New and remarkable species of theropods con-
tinue to be found (Bonaparte 1985; Chapter 9) that do
not fit the mold. Although most species of theropods are
known from only a few specimens, some forms — such
as Allosaurus (Madsen 1976), Coelophysis (Colbert
1989; Chapter 6), and Syntarsus (Rowe 1989; Chapter
7) — are represented by numerous specimens from single
localities, and can be used to evaluate the range of vari-
ation possible within single species of theropods. Other
species (Chapter 10) may be represented by numerous
specimens from wider geographic and stratigraphic
ranges, which makes it more difficult to assess their
relationships and variability. Finally, many theropods
are only known from parts of their skeletons, although
these may be diagnostic enough to provide some sense
of variability in at least part of the animal (Chapter 8).

The Ornithopoda is a somewhat problematic
group that at one time seemed to include all bipedal
ornithischians. Accepted this way, the group is para-
phyletic. Santa Luca (1980) attempted to redefine the
Ornithopoda as those ornithischians having an obturator
process, a condition that he considered derived. This
was accepted by Maryariska and Osmélska (1985), but
not as the sole criterion by Norman (1984) or Sereno
(1984, 1986). There still is no agreement as to the com-
position of the Ornithopoda. Norman (1984) includes
fabrosaurs, hypsilophodonts, iguanodonts, hadrosaurs,
and, surprisingly, ceratopsians. Sereno (1984, 1986)
includes heterodontosaurs, hypsilophodonts, iguan-
odonts, and hadrosaurs in his concept of the Ornitho-
poda, whereas Maryanska and Osmélska (1985) include
only the fabrosaurs, iguanodonts, and hadrosaurs.

The first ornithopod named was Iguanodon
(Mantell 1825) on the basis of several teeth. Ornitho-
pods are one of the most abundant dinosaurs in Creta-
ceous strata, so it is not surprising that there is a surfeit
of names. In Chapter 11, Norman continues his studies
of iguanodontid systematics, and concludes that Vecti-
saurus is a juvenile Iguanodon. This gives Norman a
basis for a cladistic analysis of the family Iguano-
dontidae.

Hadrosaurs were also first named for isolated
teeth from the Judith River Formation of Montana
(Leidy 1856). Morphometric analysis can be used to
investigate the classification and phylogeny of hadro-
saurs (Chapter 12), although even standard anatomical
studies can produce some interesting results (Chapter
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13). The greatest potential for the analysis of variation
within single species of hadrosaurs remains with bone-
bed material (such as the spectacular bone-bed near
Choteau, Montana, being worked by the Museum of the
Rockies, which may include the remains of more than
10,000 Maiasaura individuals) and nesting sites.
Hatchlings of Maiasaura (Horner and Makela 1979)
and embryos of Hypacrosaurus (Currie and Horner
1988) show variability even within a single nest.

Pachycephalosaurs, an intriguing group of dino-
saurs, were among some of the first discoveries in west-
ern North America (Lambe 1902; Baird 1979), although
it was a long time before there was enough skeletal
material available to know what kind of animal they in
fact represented (Gilmore 1924). Unfortunately, consid-
erable confusion was introduced at the same time by the
misconception that Stegoceras and Troodon were syn-
onymous, when in fact the latter is a carnivorous dino-
saur (Currie 1987). Over the years, a tremendous num-
ber of partial skulls have been recovered from around
the world (Galton 1971; Maryariska and Osmélska
1974; Sues 1980; Sues and Galton 1987; Chapter 14),
which have shown that pachycephalosaurs were suc-
cessful in their diversity and numbers. Because of the
number of skull caps recovered, it has been possible to
look at the variation in pachycephalosaur species (Chap-
ter 2; Chapman et al. 1981).

Stegosaurs are still poorly understood in spite of
a good bone-bed known for Kentrosaurus (Hennig
1915; Janensch 1925; Galton 1982a), as much of the
material has not been completely prepared or described.
Juvenile specimens of Stegosaurus (Galton 1982b) and
related forms (Galton 1981, 1983) provide ontogenetic
information on this group of dinosaurs. With all of the
new stegosaur material being recovered in China (Chap-
ter 19), there is some hope for a better understanding of
variability of at least mature specimens.

Hylaeosaurus armatus has the distinction of
being the first ankylosaur named (Mantell 1833) and
also of being the first dinosaur named from more than a
few bones or teeth. This seemingly good start for anky-
losaurs was upset by the naming of Palaeoscincus
costatus (Leidy 1856) on the basis of a single tooth.
This caused innumerable taxonomic problems when
skulls and partial skeletons of ankylosaurs were discov-
ered years later. The teeth associated with this new
material were frequently compared to P. costatus,
although the taxonomic validity of using ankylosaur
teeth has never been demonstrated. Coombs (Chapter
20) examines this crucial problem and concludes that
there is so much positional and individual variation that
teeth cannot be used for ankylosaur taxonomy. This is
an interesting contrast to the situation in theropods
(Chapter 8), and shows that generalities (“all dinosaur
teeth are taxonomically useful” or “no dinosaur teeth are
taxonomically useful”) should be avoided. Ankylosaur
armor is commonly found in Cretaceous sediments, and
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in Chapter 21 Carpenter demonstrates that it can be tax-
onomically useful to distinguish two sympatric species
of ankylosaur. Ankylosaurs have generally always been
relatively rare, isolated finds, making it difficult to sort
out variability and taxonomy. The discovery of six sib-
ling Pinacosaurus specimens in China (Currie 1989b)
opens up the potential for studies on individual and
ontogenetic variation, building on work already done by
Maryariska (1971).

The first ceratopsian teeth figured were identified
as Trachodon mirabilis by Leidy (1856), but were sub-
sequently assigned to the Ceratopsia (on the basis of
anatomy) and to Monoclonius (Hatcher et al. 1907) for
stratigraphic reasons. This foreshadowed the taxonomic
problems that developed as more genera and species
were described, and much work is still needed rectify
the situation. Papers in this volume (Chapters 15, 16,
17, 18) independently show that many characters previ-
ously used to diagnose species are due to ontogeny or
sexual dimorphism. Sereno (Chapter 15) concludes that
an understanding of the ontogeny of a species is neces-
sary before it can be properly diagnosed. Using this
tool, he concludes that there are four species of Psirta-
cosaurus, two of which have only recently been named
(Sereno and Chao, 1988; Sereno et al. 1988).

The problem of distinguishing Monoclonius and
Centrosaurus is discussed by Dodson (Chapter 17).
Both were initially named for fragmentary material and,
consequently, have been the source of much confusion
when complete skulls were later found. In his analysis
of the skulls, Dodson uses biometric analysis as in pre-
vious studies on lambeosaurine hadrosaurs (Dodson
1975a) and Protoceratops (Dodson 1975b). He concludes,
in contrast with Lehman (Chapter 16), that Brachy-
ceratops is a valid taxon.

Centrosaurine ceratopsians promise to give us
some of the best information on individual, sexual, and
ontogenetic variation for any group of dinosaurs because
of the discovery of numerous monospecific bone-beds
in Alberta and Montana. Work in progress on Centro-
saurus apertus (Currie 1981; Currie and Dodson 1984;
Ryan, M., pers. comm.), a new species of Pachyrhino-
saurus (Tanke 1988; Langston, W., pers. comm.), and
Styracosaurus (Rogers and Sampson 1989) is showing
considerable differences between juveniles and adults,
and a range of variation amongst mature specimens.
Once these studies are further along, we should be able
to better understand the systematic position of small
centrosaurines like Avaceratops (Dodson 1986), Brachy-
ceratops (Gilmore 1917), and Monoclonius (Dodson
and Currie 1988).

Chasmosaurine ceratopsian variation (ontoge-
netic and sexual) is exemplified by work done on a
monospecific Chasmosaurus bone-bed. Lehman (Chap-
ter 16) uses his results to assess the status of other cera-
topsian species, and reaches the same conclusion as
Ostrom and Wellnhoffer (Chapter 18) that all specimens
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of Triceratops can be assigned to a single species. The
latter study is restricted to specimens from Wyoming,
and it remains to be seen whether the size gradient noted
by Sloan (1976) indicates a distinct species in Canada.

The first dinosaur ichnofossils were named by
Hitchcock in 1836. These were the species giganteus,
tuberosus, ingens, diversus, tetradactylus, palmatus, and
minimus [generic designations were not made until 1845
(Lull 1953)]. What was Hitchcock’s intent in proposing
these names? “When I speak of species here, I mean
species in oryctology, not orithology. And I doubt not,
that in perhaps every instance, what I call a species in
the former science, would be a genus in the latter; that is
to say, these different tracks were made by birds that
were generically different” (Hitchcock 1836). Although
Hitchcock acknowledged that “these names, implying
only a resemblance, leave the real nature of the tracks
open to discussion ...,” he advocated using the Lin-
naean system: “I propose the term Ichnolite ... to be the
name of the Class [and] I would divide this Class into
Orders ...” (Hitchcock 1841). He later modified his
intent when he wrote four years later, “hitherto names
have been given to the footmarks and not to the animals.
But since all geologists now admit that these impres-
sions are real tracks, this paper attempts to name the
animals that made them, and to classify and describe
them, so far as it can be done from the data hitherto
obtained” (Hitchcock 1845). But as more and more
footprints began to accumulate, it became clear that
naming footprints was not necessarily naming the ani-
mal. As Lull noted, “It has been deemed wise ... to keep
the ichnite genera and species apart in their nomen-
clature from that applied to the actual bones, for it is at
once apparent ... that footprint genera and species do
not necessarily correspond in limitations or numbers
with those of the actual animals which made the impres-
sions ...” (Lull 1953). Thus ichnology went the full cir-
cle, from names used to identify the footprints to names
identifying the trackmakers, and back to names identify-
ing the footprints.

The use of names in ichnology is not without
problems as Lull observed, “names given in Ichnology
must be kept in a separate series which, were the track-
makers actually known, might result in two names given
to the same animal, regrettable but unavoidable ...”
(Lull 1953). It is the problem of using Linnaean classifi-
cation on footprints that Sarjeant examines in Chapter
22. He advocates treating them as sedimentary struc-
tures that should not be named using the Linnaean sys-
tem despite the provisions of the International Code of
Zoological Nomenclature [International Commission on
Zoological Nomenclature, 1985, Art. 1a, 1d, 10d, 13b,
23g, 42b(i), 66 and 67m]. It remains to be seen, how-
ever, whether dinosaur ichnologists adopt Sarjeant’s
proposals. They will certainly spark debate, which is
good for the field.

Anyone attempting a serious study of dinosaurs is

5

eventually faced with a plethora of names, many based
upon material so fragmentary that it is doubtful the
specimen(s) would be collected today (e.g., the teeth of
the holotype of Trachodon mirabilis Leidy 1856). Never-
theless, many of these names are intimately linked with
the early growth of dinosaur paleontology, both in North
America and Europe (e.g., holotypes of Hadrosaurus
Joulkii, Leidy 1858, and Iguanodon Mantell 1825). But
lest we be too critical of these early paleontologists, it
should be realized that the plethora of names is the logi-
cal outcome of the morphological tradition of vertebrate
paleontology. This tradition emphasizes differences
among specimens, often at the expense of normal bio-
logical variation. Hence, Gilmore’s (1909) recognition
of four species of Camptosaurus (C. dispar, C. browni,
C. nanus, and C. medius) from a single quarry in the
Morrison Formation is understandable.

So where do we stand today? Dodson (1987) has
pointed out that about 40% of the 265 genera of
dinosaurs currently recognized have been described
since 1969. That is the highest percentage of named taxa
since the early days (pre-World War II) of dinosaur
paleontology. This high percentage is certainly due to
the maturity of the “baby boom” generation and the pre-
sent renaissance of dinosaur paleontology. There are
more dinosaur paleontologists alive today than there
have been altogether in the past (about 110 since 1969
compared to 66 between 1824 and 1939). But the contri-
butions made by the pioneers of the past are often not
adequately appreciated by the present generation. It is
all to easy to scoff because of the systematic “mess” we
have inherited, forgetting that if we can see farther and
clearer, it is because we stand on the shoulders of giants
(Marsh, Cope, Sternberg, Brown, Osborn, von Huene,
and Nopcsa to name a few).

As long as dinosaur paleontologists continue to
collect and analyze new material, it seems unlikely that
dinosaur taxonomy will ever have a final resolution. We
will certainly not approach the accuracy of biologists
working with living animals unless we have access to
karyological or albumin immunological data. Never-
theless, it is hoped that the results of the First Interna-
tional Dinosaur Systematics Symposium presented in
this volume will do much to improve our understanding
of dinosaur species.
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